Abstract. Deuteron breakup processes p + d → (NN) s,t + N are studied in the kinematics of backward elastic pd-scattering at law relative momenta of the NNpair k ∼ 0 − 50MeV /c for initial energies T 0 = 0.5 − 2.5GeV in the framework of the known mechanisms of the pd → dp process including rescatterings in the initial and final states. A considerable suppression of the ∆− and N * − isobar excitation mechanisms is found for the production of the singlet (NN) s -pair. As a result, one nucleon exchange mechanism can be identified in the cross section and polarization observables by the node of the half-off-shell NN( 1 S 0 )-scattering amplitude, t(q, k), at q ∼ 0.4 GeV/c.
The short-range structure of the lightest nuclei is related to fundamental problems of the theory of strong interactions. At present the main task consists in a clear experimental observation of this structure and determination to what limiting values of the intrinsic nucleon momenta q the traditional description of nuclei in terms of nucleons is valid. In the framework of the impulse approximation (IA), available inclusive experimental data on spin averaged cross section for deuteron dis-
12 C → p(0 o ) X (see Refs. [1, 2] and references therein)
are compatible with the realistic deuteron wave functions at low internal momenta q < 0.3GeV /c. However, at higher momenta a systematic deviation from the IA is observed [3] . This disagreement is most obvious in the tensor analyzing power T 20 of these reactions. One possible explanation of such a behaviour is the presence of quark exchanges effects in the deuteron wave function [4] . However, other interpretations have been proposed also [5] . The experimental data on exclusive polarized and unpolarized experiments p + d → p + n + p demonstrate similar deviation from the IA which can be qualitatively explained by rescatterings in the final state and excitation of the ∆−isobar [6] . A large contribution from final state interaction and excitation of the nucleon isobars can produce fast nucleon "spectator" in final state without the necessity of high momentum pn-components of the deuteron wave function and therefore mask the structure of the deuteron at short NN-distances.
At present a correct treatment of these screening effects at intermediate energies is a nontrivial problem for theory. This can be seen, for example, from the analysis of the backward elastic pd-scattering. Exact Faddeev calculations are performed at present for the elastic Nd-scattering at energies below the pion production threshold (T N ≤ 250 MeV) [7] . At higher energies analysis was performed in the framework of the coherent sum of the one nucleon exchange (ONE), pN single scattering (SS) and the ∆− isobar excitation (∆) mechanisms [9, 10] , [11] . There is an agreement with the experimental data both for dσ/dΩ and T 20 at rather low energies T 0 ∼ 0.2 − 0.4GeV where the ONE-mechanism dominates [10] . At initial energies T 0 = 0.5−1.5GeV and scattering angle θ c.m. = 180 o the ONE+ SS+∆ model qualitatively describes the spin-averaged pd → dp cross section dσ/dΩ [11] but does not explain the T 20 -data [12, 13] .True negative sign of T 20 was obtained in Ref. [14] under special approximations in the framework of ∆-mechanism but the detailed structure of T 20 was not explained. Inclusion of rescatterings and NN * components of the deuteron wave function [15] or use of the covariant relativistic approach within the ONE and pion exchange mechanisms [16] does not improve the agreement with the data at f Figure 1 : Mechanisms of the reaction p + d → n + pp: a -one-nucleon exchange (ONE), b, c -single scattering (SS), d, e -double pN-scattering with excitation of the ∆− (∆) or N * -isobar.
Obviously, this problem is connected to the nucleon isobar excitation. It could be related not only to off-shell effects in the NN ⇀ ↽ N∆ amplitudes. In fact, even in the ∆−region spin observables for the elementary reaction pp → pnπ + are not described properly within the one-meson-exchange model, as was shown in the unitary theory of coupled NN − πNN channels [17] .
To minimize screening effects we propose to study the deuteron breakup process p + d → (np) s + p with formation of the singlet deuteron (pn) s in kinematics of the backward (quasi)elastic pd-scattering or the similar reaction
at small relative energy of the forward pp-pair (E pp = 0 − 3MeV ) [18] . The ONE + SS + ∆ model of the backward elastic pd-scattering developed in Ref. [9] and improved later in Ref. [10] in respect to the ∆− contribution was used in Refs. [19] to analyze the reaction (1) (see Fig.1 ). According to [19] , the presence of the final NNpair in the 1 S 0 -state considerably changes the relative contribution of the different mechanisms in comparison with the elastic backward pd-scattering. In particularly, a suppression of the ∆-mechanism contribution was found in Ref. [19] , but not explained.
We present here new results of a theoretical study of the reaction (1) . Firstly, we show that the isotopic spin suppression factor 1 3 arising for the ∆ mechanism is effective for broader class of important diagrams than established in Refs. [19] , [20] . In particular, the same factor occurs for the N * -excitation mechanism too. Secondly, we analyze spatial parts of the amplitudes. Thirdly, rescattering effects are estimated here in the eikonal approximation. In addition spin observables of the first and the second order have been calculated here also.
We will discuss here the ratio of the break-up amplitudes with formation of the singlet (np) s -and triplet (pn) t -pairs for different mechanisms
where the following relation from Ref.
[21]
is used. The function f (k) in the last equation is defined by Eq. (3) :
For definite values of the total isotopic spin T of the intermediate meson-nucleon system and the isotopic spin of the forward pn-pair, T pn , one has got the following isotopic spin structure of the breakup amplitude
The Clebsh-Gordan coefficients and 6j-symbols are used here in standard notations. The dynamical factor B T in Eq. (5) (5), one can find from (5) the following ratios
Using Eq.(6) one obtains from Eqs.(2) and (4)
We stress that owing to Eq. (6) this ratio does not depend on the unknown relative phase of the amplitudes A 1/2 and A 3/2 of the process πN → πN. The ratio (7) is more general in comparison with the one obtained previously in Ref. [20] for the ∆-excitation and one-pion exchange mechanisms [8] . In fact, (i) all intermediate states of the meson-nucleon system both for the isotopic spin T=3/2 and T=1/2 are taken into account in Eq. (7) including the N * -pole terms and continuum.
(ii) Moreover, relation (7) is valid not only for one definite isovector meson in the intermediate state but for the sum of diagram in Fig.1(f) with the different isovector mesons (π, ρ, . . .) in any combinations (ππ, πρ, ρρ, . . .).
In fact, the relative suppression of the time inverted process p + (NN) → d + N on the singlet NN-pair was observed in the reactions of quasielastic knockout of fast deuterons 6, 7 Li(p, Nd) [23] at initial energy T 0 = 670 MeV. According to the experimental data [23] , the (p,nd) cross section for the transitions to the states with destroyed α-core in the 6,7 Li nuclei is one order of magnitude smaller in comparison with the (p,pd) cross section. This fact was explained in Ref. [20] in the framework of the ∆-resonance mechanism as a result of the suppression of the cross section of the process p + (nn) s → d + n by the isotopic spin factor 1/9 in comparison with the process p + (pn) t → d + p.
For the isoscalar mesons (ω, η, η ′ , . . .) in the intermediate state in Fig.1(f) and for the ONE mechanism we find the ratios R it is impossible to extract the isotopic factor from Eq.(2). Let us take into account that the spatial parts of the scattering wave functions in the triplet 3 S 1 and singlet 1 S 0 states are different. For the ONE mechanism one can find the following ratio for the spatial parts of the transition amplitudes into the S-states of the (pn) s,t -pairs
where u(q) is the deuteron S-wave function normalized as
(2π) 3 = 1, ε is the deuteron binding energy; the value t t (q, k) is defined by Eq. (8);
is the half-off-shell matrix of pn-scattering in the 1 S 0 -state, 
Here u(r) (or w(r)) is the deuteron S (D)-wave function in configuration space normalized as For the N * -mechanism the corresponding formulas coincide with Eq.(10) except the value A depends on the mass M N * and width Γ N * of the N * -isobar. The ratio for the SS-mechanism can be written in a similar form. For the dominating ONE-mechanism rescatterings in the initial and final states are taken into account in the line of works [24, 15] . This is an eikonal version of the distorted wave Born approximation (DWBA) method successfully applied in
Ref. [24] to the backward elastic p 3 He-scattering at T 0 ≥ 1GeV in the framework of np-pair exchange. Since the SS-and ∆-mechanisms are less important they are considered here in the plane wave approximation. Numerical calculation for the matrix elements in the numerators and denominators of the ratios (8), (10) are performed for the RSC potential of the NN-interaction. Some results are shown in Fig.2 . One can see that there is a small enhancement factor for the singlet pair caused by the difference of the spatial parts of the (np) s /(np) tproduction amplitudes. This factor is approximately the same for the the ONE-(at T 0 > 1GeV), ∆ and SS-mechanisms,
The similar spatial factor is obtained here for the N * -excitation mechanism too.
The minimums at T 0 = 0.8 GeV and T 0 ∼ 0.75 GeV display the nodes of the deuteron S-wave function u(q) at q ∼ 0.4GeV /c and the half-off-shell t-matrix (9) at q ′ ∼ 0.38GeV/c, respectively. The node of the wave function u(q) is nonvisible in the cross sections of the processes pd → dp, p d → (np) t p and (1) due to contribution of the D-wave in the deuteron or (NN) t -scattering wave function [18] . One should note that the node of the deuteron S-wave function u(q) was dedi- (1) is expected at E pp = 0.3 − 0.7 MeV. At E pp < 0.3MeV the cross section becomes smaller due to Coulomb repulsion in the pp-system.
As shown in Refs. [9, 10] , [11] , the SS mechanism is not important in the pd → dp cross section. The relative role of the SS-mechanism increases in the reaction (1) . Nevertheless the SS and ∆-mechanisms do not fill in the remarkable deep minimum of the cross section caused by the ONE mechanism ( Fig.3(a) ). This minimum can be smeared only at higher relative energies E pn > 5−10 MeV due to contribution of the 2 An only exclusion might be the N * (1535)-isobar strongly coupled to the η−meson which maximal contribution in the reaction (1) is expected at T 0 ∼ 1.6 GeV. states with nonzero orbital momenta l = 0 in the half-off-shell NN-amplitude [18] .
There is a full dominance of the ONE mechanism in the observables at T 0 > 1GeV.
Rescatterings in the initial and final states fill in in part the ONE-minimum of the cross section. Nevertheless, this minimum is visible enough (Fig.3(a) ). As shown in Fig.3(b,c) , rescatterings produce a remarkable structure both in T ON E 20 and in the spin-correlation parameter C yy (for the definition see Ref. [26] ) in the region of node of the half-off-shell NN-amplitude. We stress that in the nodeless case of the pd → dp process the similar rescatterings do not change practically the tensor analyzing power T
ON E 20
(180 o ) [15] . Therefore rescatterings give an additional signal for the presence of the node. The energy resolution in Refs. [2, 27] was not enough high to observe on the basis of relation Eq.(3) the important properties of the breakup p d → (pn) s p caused by the ONE-mechanism.
In conclusion, we have found that the broad class of the diagrams related to excitation of the nucleon isobars, which are important in the process pd → dp, are diminished by the isotopic spin relations in the singlet channel of the deuteron breakup. As a result the relative contribution of the ONE mechanism increases essentially in the reactions (1) and p d → (pn) s p. Moreover, the ONE mechanism becomes more interesting in this channel due to suppression of the l = 0-states in the half-off-shell NN-amplitude at low E N N . Rescatterings in the initial and final states do not smear the remarkable minimum of the cross section caused by the node of the t(q, k)-amplitude and display its presence in a specific behaviour of T 20 and C yy .
It allows to obtain from these reactions at T 0 = 0.5 − 3GeV an information about the deuteron wave function u(q) and half-off-shell amplitude of the NN-scattering t s (q ′ , k) in the 1 S 0 -state at high internal momenta q, q ′ ∼ 0.3 − 0.65GeV/c.
